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Abstract
For some ,nite set A of points in Rn and some integer k ∈N we consider the problem of
reconstructing the set A up to isometry from the multiset of the
( |A|
k
)
subsets of A of cardinality
k given up to isometry. We prove the best possible result for n= 1 and settle an open problem
for n= 2 mentioned by Krasikov and Roditty in (Ars Combin. 25B (1988) 211–219).
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1. Introduction
For some ,nite set A of points in Rn and some integer k∈N the k-deck of A is the
multiset of the
( |A|
k
)
subsets of A of cardinality k given up to isometry.
In this paper we consider the problem of reconstructing the set A up to isometry
from its k-deck. This kind of combinatorial reconstruction problems has its roots in
two well known and open conjectures about ,nite graphs, the reconstruction conjecture
due to Kelly [6,7] and Ulam [17] and the edge reconstruction conjecture due to Harary
[4] (see also [2]).
In [1] Alon, Caro, Krasikov and Roditty and in [8] Krasikov and Roditty considered
the problem of reconstructing ,nite sets of points up to isometry. Using a result of
Erdo˝s [3] they proved for instance in [1] that every set A of points in the plane with
|A|¿8 is determined up to isometry by its (|A| − 1)-deck. In [8] Krasikov and Roditty
mention the open problem whether a set of four points in the plane is determined up
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to isometry by its 3-deck. Similar reconstruction problems for ,nite or in,nite sets of
points under the action of subgroups of the group of all isometries have been considered
in [5,9–16].
In Section 2 we prove a best-possible result for the one-dimensional case and in
Section 3 we solve the problem mentioned in [8]. For some set A of points in Rn and
some k∈N, the multiplicity of the isometry type of some set S of cardinality k in the
k-deck of A is denoted by dA; k(S), i.e. dA; k(S) is the number of diGerent subsets of A
that are isometric to S.
2. The line
Note that the group of all isometries of R is generated by the translations and the
reHection that maps x to −x.
Theorem 1. Every 3nite set A ⊆ R with |A|¿3 is determined up to isometry by its
3-deck.
Proof. Let x; y∈R with x =y. Since dA;2({x; y})= 1=(|A|−2)
∑
z∈R\{x;y} dA;3({x; y; z}),
the 3-deck of A determines the 2-deck of A. If a := max{a˜|dA;2({−a˜; a˜})¿0}, then
2a= max(A)−min(A) and we can assume that max(A)= −min(A)= a.
Let −a¡x1¡x2¡ · · ·¡xn¡0 be exactly those x∈(−a; 0) such that dA;3({−a; x; a})
= 1. Since dA;3({−a; x; a})= |A∩{−x; x}| for all x∈R\{−a; a}, we have that the 3-
deck of A determines |A∩{−x; x}| for all x∈R\{±x1;±x2; : : : ;±xn}. Hence the 3-deck
of A determines A\{±x1;±x2; : : : ;±xn}. We may assume that x1∈A and −x1 =∈A.
Let 26i6n be maximum such that the 3-deck of A determines Ai =A\[xi;−xi].
Since the 3-deck determines A2 =A\[x2;−x2], the index i is well-de,ned.
If dA;3({x1; xi; a})=dAi;3({x1; xi; a}), then we obtain that xi =∈A and −xi∈A and if
dA;3({x1; xi; a})¿dAi;3({x1; xi; a}), then we obtain that xi∈A and −xi =∈A. (See Fig. 1
where Ai is indicated by a dashbox.)
If i¡n, then the 3-deck of A determines A\[xi+1;−xi+1] which contradicts the choice
of i and if i= n, then the 3-deck determines A which completes the proof.
The following example which is essentially due to RadcliGe and Scott [10] shows
that Theorem 1 is best possible in the sense that the 2-deck does not allow to re-
construct every set of points up to isometry. Let A1 and A2 be two ,nite sets of real
numbers such that A=A1 +A2 = {a1 + a2|a1∈A1 and a2∈A2} and B=A1−A2 = {a1−
Fig. 1.
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Fig. 2.
a2|a1∈A1 and a2∈A2} both have |A1| · |A2| elements, i.e. each representation of an
element of A and B as a sum or a diGerence of one element of A1 and one element
of A2 is unique. Now, for each x; y∈R with x =y we have
dA;2({x; y})
= |{(x1; x2; x′1; x′2)|x1; x′1∈A1; x2; x′2∈A2 and (x1 + x2)− (x′1 + x′2)=y − x}|
= |{(x1; x2; x′1; x′2)|x1; x′1∈A1; x2; x′2∈A2 and (x1 − x′2)− (x′1 − x2)=y − x}|
=dB;2({x; y}):
Thus A and B have the same 2-deck. Obviously, A and B are not isometric for most
choices of A1 and A2. One such choice is for instance A1 = {0; 10; 30} and A2 = {0; 1; 3}.
We obtain (see Fig. 2)
A=A1 + A2 = {0; 1; 3; 10; 11; 13; 30; 31; 33} and
B=A1 − A2 = {0;−1;−3; 10; 9; 7; 30; 29; 27}:
3. The plane
In order to denote a multiset A we write A= {a1; a2; : : : ; ak}m where several of the
ai’s may be equal and the multiplicity of some a in A is just |{i | 16i6k; a= ai}|.
The next theorem yields a solution for the problem mentioned in [8], i.e. ‘...whether
a quadrilateral is reconstructible from its four triangles...’.
Theorem 2. Every set of 4 points in the plane is determined up to isometry by its
3-deck.
Proof. Let A be a set of four points in the plane. The 3-deck of A determines the
multiset T of four triangles 1; 2; 3 and 4 that arise from A by deleting one
point of A. In order to denote some triangle  with edge lengths x; y and z we
write = xyz. Since all sets are considered up to isometry, we identify = xyz with
′= x′y′z′ if {x; y; z}m= {x′; y′; z′}m. The area of a triangle  is denoted by ().
Since each line segment between two points of A appears as an edge in exactly two
triangles in T, the 3-deck of A also determines the multiset D of all 6 pairwise
distances of points in A.
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Claim 1. Let ;′∈T. Let the set A arise by identifying edges of length x in 
and ′ such that both triangles lie on the same side (di8erent sides) of the identi3ed
edges. Then A is determined up to isometry.
Proof. We consider the case that  and ′ lie on the same side of the identi,ed
edges. The case that they lie on diGerent sides can be treated similarly and is left to
the reader.
Let = xyz and ′= xy′z′. Let P and Q be the vertices of  and ′ that do not
lie on the identi,ed edges, respectively. Up to isometry there are two possibilities for
the identi,cation of edges of length x which are displayed in Fig. 3(a) and (b).
If either y= z or y′= z′, then the two sets in Fig. 3 are isometric. Hence we assume
that y = z and y′ = z′. This implies that the distance  between P and Q is diGerent for
the two sets in Fig. 3. Therefore, we can diGerentiate between these two possibilities
by considering ; ′ and D= {x; y; z; y′; z′; }m.
Case 1: The equation
1 = 2 + 3 + 4 (1)
has a solution such that
{1; 2; 3; 4}m= {(1); (2); (3); (4)}m: (2)
We assume that (1)= (2) + (3) + (4). Let 1 = xyz with x¿y¿z. The
unique point P∈A that is no vertex of 1 lies inside of 1.
First, we assume that x=y= z. The set A arises by identifying edges of length x
in 1 and any triangle 2∈T diGerent from 1 such that both triangles lie on the
same side of the identi,ed edges. By Claim 1, the set A is determined up to isometry.
Next, we assume that x¿y¿z. It is easy to see that the distance between P and
any vertex of 1 is smaller than x. This implies that there is a unique triangle, say
2, diGerent from 1 that has an edge of length x. The set A arises by identifying
edges of length x in 1 and 2 such that both triangles lie on the same side of the
identi,ed edges. By Claim 1, the set A is determined up to isometry.
Finally, we assume that x=y¿z. There is a unique triangle, say 2, diGerent from
1 that has no edge of length x. The set A arises by identifying edges of length z in
Fig. 3.
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1 and 2 such that both triangles lie on the same side of the identi,ed edges. By
Claim 1, the set A is determined up to isometry. This completes the proof for Case 1.
We can now assume that Eq. (1) has no solution such that (2) holds. This implies
that the convex hull of A is a quadrilateral and ()¿0 for all ∈T. Hence the
equation
1 + 2 = 3 + 4 (3)
has a solution such that (2) holds. We assume that (1) + (2)= (3) + (4),
(1)¿(2), (3)¿(4) and (1)− (2)¿(3)− (4).
Case 2: (1)¿(2) and (3)¿(4).
If 1 and 3 have exactly one common edge length, say x, then the set A arises
by identifying edges of length x in 1 and 3 such that both triangles lie on the
same side of the identi,ed edges. By Claim 1, the set A is determined up to isometry.
Hence 1 and 3 have at least two common edge lengths. By symmetry, we can
assume that 1 = xyz, 3 = xyz′; 2 = abc and 4 = abc′ for x =y and a = b.
If the multiplicity of x (or y) in {a; b; c; a; b; c′}m is less than in {x; y; z; x; y; z′}m,
then the set A arises by identifying edges of length x (or y) in 1 and 3 such
that both triangles lie on the same side of the identi,ed edges. By Claim 1, the set
A is determined up to isometry. Hence we assume that the multiplicities of x and
y in {a; b; c; a; b; c′}m are at least two. This implies that without loss of generality
1 = xyz, 3 = xyz′; 2 = xyu and 4 = xyu′. (Note that if x =∈{a; b} (y =∈{a; b}),
then x= c= c′ (y= c= c′).)
Since (1) + (2)= (3) + (4), (1)¿(2) and (3)¿(4), we
have that {z; z′}∩{u; u′}= ∅ and the set A arises by identifying edges of length z= z′
in 1 and 3 such that both triangles lie on the same side of the identi,ed edges. By
Claim 1, the set A is determined up to isometry.
Case 3: (1)¿(2) and (3)= (4).
If 1 and 2 have exactly one common edge length, say x, then the set A arises
by identifying edges of length x in 1 and 2 such that both triangles lie on diGerent
sides of the identi,ed edges. By Claim 1, the set A is determined up to isometry.
Hence 1 and 2 have at least two common edge lengths. By symmetry, we can
assume that 1 = xyz; 2 = xyz′; 3 = abc and 4 = abc′ for x =y and a = b. The
same argument as in Case 2 implies that we can assume without loss of generality that
1 = xyz, 2 = xyz′; 3 = xyu; 4 = xyu′.
If the multiplicity of z (or z′) in {x; y; u; x; y; u′}m is less than in {x; y; z; x; y; z′}m, then
the set A arises by identifying edges of length z (or z′) in 1 and 2 such that both
triangles lie on diGerent sides of the identi,ed edges. By Claim 1, the set A is deter-
mined up to isometry. Hence we can assume 1 = xyz; 2 = xyz′, 3 = xyz; 4 =
xyz′ which implies the contradiction (1)= (3)= (4)= (2):
Case 4: (1)= (2) and (3)= (4).
This implies that all triangles in T have the same area. Therefore, the convex hull
of A is a parallelogram. The length d= max(D) is the length of the longer diagonal
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of this parallelogram. If the multiplicity of d in D is 1, then A is determined up to
isometry by one of the triangles in T that has an edge of length d. If the multiplicity
of d in D is more than 1, then the convex hull of A is a square of area 2(1) and
A is determined up to isometry. This completes the proof.
References
[1] N. Alon, Y. Caro, I. Krasikov, Y. Roditty, Combinatorial reconstruction problems, J. Combin. Theory
Ser. B 47 (1989) 153–161.
[2] J.A. Bondy, A graph reconstructor’s manual, Surveys in combinatorics, Proceedings of the 13th British
Combinatorial Conference Guildford/UK 1991, London Mathematical Society Lecture Note Series, Vol.
166, 1991, pp. 221–252.
[3] P. Erdo˝s, On sets of distances of n points, Amer. Math. Monthly 53 (1946) 248–250.
[4] F. Harary, On the reconstruction of a graph from a collection of subgraphs, Theory Graphs Appl.
(1964); Proceedings of the Symposium on Smolenice, 1963, pp. 47–52.
[5] F. Harary, B. Manvel, Reconstruction of square-celled animals, Bull. Soc. Math. Belg. 24 (1972) 375–
379.
[6] P.J. Kelly, On isometric transformations, Ph.D. Thesis, University of Wisconsin, 1942.
[7] P.J. Kelly, A congruence theorem for trees, Paci,c J. Math. 7 (1957) 961–968.
[8] I. Krasikov, Y. Roditty, Geometrical reconstructions, Ars Combin. 25B (1988) 211–219.
[9] P. Maynard, Square-celled animal reconstruction problems, Ars Combin. 56 (2000) 81–87.
[10] A.J. RadcliGe, A.D. Scott, Reconstructing subsets of reals, Electron. J. Combin. 6 (1999); Research
Paper R20, 7pp.
[11] D. Rautenbach, A note on Kelly’s lemma for in,nite sets of integers, Discrete Math. 245 (2002)
279–282.
[12] D. Rautenbach, Four traps are almost always enough to catch a square-celled animal, Ars Combin., to
appear.
[13] D. Rautenbach, On a reconstruction problem of Harary and Manvel, J. Combin. Theory Ser. A, to
appear.
[14] D. Rautenbach, Finite sets in Rn given up to translation have reconstruction number three, Ars Combin.,
to appear.
[15] D. Rautenbach, Reconstructing ,nite sets of points in Rn up to groups of isometries, European J.
Combin. 22 (2001) 1139–1147.
[16] D. Rautenbach, E. Triesch, Reconstructing in,nite sets of integers, J. Combin. Theory, Ser. A, to appear.
[17] S.M. Ulam, A Collection of Mathematical Problems, Interscience Tracts in Pure and Applied
Mathematics, No. 8, Vol. XIII, Interscience Publishers, New York, 1960, 150pp.
